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LENGTH CALCULATION AND DETERMINATION DEVICE, ANGLE 
CALCULATION AND DETERMINATION DEVICE AND IMAGE 
DETERMINATION SYSTEM 

Inventors: Hisao Sato 
5 Katsumi Komagamine 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a length calculation and determination 
device, an angle calculation and determination device and an image determination 
10 system that quickly calculate and determine the length and the angle between 
inputted coordinate data, and determines whether an inputted image concurs with 
a predetermined image. 

Description of the Related Art 

There are many occasions where a computer calculates a distance (length) 
15 between two points, and determines whether the distance is longer or shorter. For 
example, in game software used in a home gaming apparatus, a distance between 
two characters is calculated to determine whether the distance is long or short, the 
distance between a ball and a goal is calculated to determine the positional relation 
between the two, and the like. Similarly, there are many instances where angles 
20 are calculated. 

Japanese laid-open patent application HEI 10-123797 filed by the present 
applicant relates to a technique for preventing a copy machine from copying a bank 
note and proposes "Image Rough Determination Apparatus, . . . Color Copy Machine" 
that is capable of determining in a shorter period of time whether an image read by 

25 a copy machine is part of a bank note. In the invention described therein, a 
determination is made whether or not characteristic portions of a bank note are 
included in an image read by a scanner, and a comparison is made for their 
positional relations (distances and angles) when the characteristic portions of a 
bank note are included. A determination is made that the bill is included in the 

•30 image read by the scanner when the positional relations are in predefined 
orientations with one another. 

More specifically, as shown in Fig. 5, (1) a specified process is performed on 
images in three characteristic portions (approximately 2 centimeter squares, that 
are hereunder referred to as "blocks") of a bank note to create data (hereunder 
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referred to as "bill data"), and the data is stored in a database. At the same time, 
data for relative positional relations Dl, D2 and 0 between the three blocks (BLK1, 
BLK2 and BLK3) are created and stored in a database. It is noted that Dl is the 
distance (length) of a line segment defined between the block BLK1 and the block 
5 BLK2, D2 is the distance (length) of a line segment defined between the block BLK1 
and the block BLK3, and 9 is an included angle defined between the line segment 
Dl and the line segment D2. 

(2) Then, a specified process is performed on an image that is read by a 
scanner in order to make a copy thereof, and a determination is made whether or 

10 not the image has blocks that concur with the blocks BLK1, BLK2 and BLK3 stored 
in the data base. This step is hereunder referred to as "pattern matching". In this 
instance, each time a determination is made that the pattern of a block concurs 
with any one of the blocks, positional data for the location thereof is stored. 

(3) When the pattern matching is completed, a determination is made as to 
15 whether a combination of the blocks BLK1, BLK2 and BLK3 exists in all of the 

blocks detected. When such combinations exist, relative positional relations Dl, D2 
and 0 for all of such combinations are calculated based on the stored positional data. 

(4) Lastly, the relative positional relations Dl, D2 and 0 are compared with 
one another. When the relative positional relations stored in the database concur 

20 with those detected and calculated from the image read by the scanner, a 
determination is made that the image read by the scanner is part of the bank note.- 
This step is hereunder referred to as "structure matching". It is determined that 
the blocks BLK1, BLK2 and BLK3 compose a triangle, and the relative positional 
relations Dl, D2 and 0 represent congruent conditions of a triangle. 

25 In this manner, it is also very important to calculate the distance (length) 

and angle in the prevention of copying bank notes. 

It is noted that the calculation of the distance and angle in game software 
needs to be quickly performed in order to make the game more enjoyable. In a 
similar manner, the calculation of the distance and angle in the copy machine 
30 described above, as well as the determination of bank notes, need to be quickly 
performed in view of the necessity of recognizing an image of a bank note among a 
variety of different images. 

However, when coordinates O (0, 0) and P (x, y) of two points on a plane are 
given, and the distance OP of a line segment is calculated by OP = (x 2 + y 2 ) 1/2 , a 
35 square root needs to be calculated. As a result, an operational load to the computer 
hardware is heavy and the calculation takes a long time. Similarly, when 
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coordinates O (0, 0), PI (xi, yi) and P2 (x2, yz) of three points on a plane are given, 
these three points are assumed to define a triangle, and an included angle 9 defined 
between an edge OP1 and an edge OP2 is calculated by 
0 = cos -1 {(xiX2 + yiy2)/[(xi 2 + yi 2 ) 1/2 (X2 2 + y2 2 ) 1/2 ]}, an inverse trigonometric function 
5 and a division need to be calculated in addition to a square root. This results in a 
longer calculation time. A high power CPU may be used to shorten the calculation 
time. However, this leads to a higher cost and therefore is not preferable. Also, in 
the copy machine described above, the timing at which a determination is to be 
made as to whether or not an object image and a reference image concur with each 
10 other is important, in addition to shortening the calculation time. Depending on the 
timing, inconvenient situations occur. For example, a waiting period may continue 
for a long time, or the presence of a bank note may be recognized after portions in 
which the bank note is present are copied (outputted). 

Objects of the Invention 

L5 It is therefore an object of the present invention to provide a length 

calculation and determination device that performs a fast calculation based on 
given data and compares a calculation result with reference length data to 
determines if the lengths match. 

It is another object of the present invention to provide an angle calculation 
20 and determination device that performs a fast calculation based on given data and 
compares a calculation result with reference angle data to determine if the angles 
match. 

It is a further object of the present invention to provide an image 
determination system that compares an object image and a reference image and 
25 quickly and securely determines whether or not the images concur with one 
another. 

In summary, it is an object of the present invention to provide a length 
„ calculation and determination device, an angle calculation and determination device 

and an image determination system that quickly calculates lengths and/or angles 
_ 30 based on inputted data, compares the lengths and/or angles and determines the 

magnitudes thereof, and makes determinations of agreement or disagreement of 

inputted images. 

Summary of the Invention 

To solve the problems described above, the present inventors have made 
35 sincere efforts to complete the present invention. In accordance with a first 
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embodiment of the present invention, a length calculation and determination device 
comprises: (1) an operation section that calculates a length of a line segment 
composed of specified points that are inputted as computer readable data; (2) a data 
storage section that stores length data for reference lengths; and (3) a 
5 determination section that compares a calculation result obtained by the operation 
section with the length data in the data storage section to determine whether the 
length agrees with the length data within a predefined margin. 

Also, the operation section performs a simplified calculation of the length of 
the line segment composed of the specified points, and the date storage section 
10 stores the length data in a data format appropriate to the simplified calculation. 

In accordance with the present invention, when coordinates O (0, 0) and 
P (x, y) of two points on a plane are inputted as data, the operation section performs 
a simplified calculation of the length OP of a linear line (line segment) between the 
two points by OPc = x 2 + y 2 . On the other hand, length data OPr for reference 
15 length is saved in such a form as a square of an actual distance. The determination 
section compares values of OPc and OPr to determine which one of them is longer or 
shorter. It is noted that an added letter c to OP means that the value of OP is a 
calculated value and an added letter r to OP means that the value of OP is a 
reference value (reference length data). 

20 As a result, the length of a line segment can be calculated using 

multiplication and addition, which give lighter burden to the computer hardware, 
and square root calculation that requires a longer calculation time does not need to 
be used. Length data for reference length to be stored in the data storage section 
may be obtained by calculation operation performed on an on-demand basis. Also, 

25 data to be inputted in the operation section may be obtained by different manners. 
For example, such data may be obtained by using a scanner and performing a 
specified process on the data. Also, such data may be obtained by calculation by an 
image generation operation unit. The data is coordinate data. It is noted that the 
coordinate data may relate to a two-dimensional plane or a three-dimensional cube. 

30 Furthermore, the data may include numerical data for colors and identifiers such as 
flags. 

In accordance with a second embodiment of the present invention, an angle 
calculation and determination device comprises (1) an operation section that 
calculates an angle of a specified corner of a triangle composed of specified points 
35 that are inputted as computer readable data, (2) a data storage section that stores 
angle data for reference angles, and (3) a determination section that compares a 
calculation result obtained by the operation section with the angle data in the data 
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storage section to determine whether the angle agrees with the angle data within a 
predefined margin. 

Also, the operation section performs a simplified calculation of the angle of 
the specified corner of the triangle composed of the specified points, and the date 
5 storage section stores the angle data in a data format appropriate to the simplified 
calculation. 

In accordance with the second embodiment, when coordinates O (0, 0), 
PI (xi, yi) and P2 (x2, yz) of three points on a plane are inputted as data, these 
points are assumed to define a triangle. The operation section performs a simplified 

10 calculation to compare a predefined parameter proportional to angle 9 defined 
between an edge OP1 and an edge OP2. The predetermined parameter is referred 
to as 9c to denote its relation to the desired angle, but it is actually a relationship 
between lines OP1 and OP2 defined as 9c = xi X2 + yi y2. Similarly, angle data for 
the reference angle is likewise written in form of this parameter and referred to as 

15 9r for the sake of consistency. To maintain a proper understanding between this 
predefined parameter and the traditional formula for an angle, defined above, the 
present parameter 9r is defined as 9r = COS 9 x [(xi 2 + yi 2 ) 1/2 (X2 2 + y2 2 ) 1/2 ]. The 
determination section compares values of 9c and 9r to determine which one of them 
is greater or smaller. It is noted that an added letter c to 9 means that the value of 

20 9 is a calculated value and an added letter r to 9 means that the value of 9 is a 
reference value (reference angle data). 

As a result, the angle can be calculated using multiplication and addition, 
which give lighter burden to the computer hardware. Calculations of division, 
square root and inverse trigonometric function that require a longer calculation 

25 time do not need to be used. In a manner similar to the first embodiment of the 
present invention, angle data for reference angle to be stored in the data storage 
section may be obtained by calculation operation performed on an on-demand basis. 
Also, data to be inputted in the operation section may be obtained by using a 
scanner and performing a specified process on the data. Also, such data may be 

30 obtained by calculation by an image generation operation unit. The data is 
coordinate data. It is noted that the coordinate data may relate to a two- 
dimensional plane or a three-dimensional cube. Furthermore, the data may include 
numerical data for colors and identifiers such as flags. 

In accordance with a third embodiment of the present invention, an image 
35 determination system compares a triangle composed of specified points in an object 
image that is inputted as computer readable data with a triangle composed of 
specified points in a reference image, and determines that the inputted object image 
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corresponds to the reference image when the triangles are congruent with each 
other. It is noted that whether not the triangles are congruent with each other is 
determined according to congruence conditions of triangles. 

In other words, in accordance with the third embodiment of the present 
5 invention, specified points (three points) in a reference image are assumed to define 
a triangle, and at least one of data sets for (a) the length of three edges of the 
triangle, (b) the length of two edges and an included angle defined between the two 
edges of the triangle, and (c) the length of one edge and angles at both ends of the 
one edge of the triangle is stored as reference data in the data storage section. Also, 

10 at least one of data sets (in a corresponding number of the data sets stored in the 
data storage section) for (a) the length of three edges, (b) the length of two edges 
and an included angle defined between the two edges, and (c) the length of one edge 
and angles at both ends of the one edge of a triangle that is defined by specified 
points in an inputted object image is calculated. The two triangles are compared 

15 according to congruence conditions of triangles. 

Simplified calculations are performed to obtain each of the lengths and each 
of the angles by the same means as those described in the first embodiment and the 
second embodiment of the present invention. The reference length data and the 
reference angle data are stored in the same manner as those in the first 
20 embodiment and the second embodiment of the present invention. 

As a result, the length and the angle can be calculated using multiplication 
and addition, while calculations of division, square root and inverse trigonometric 
function do not need to be employed. This gives lighter burden to the computer 
hardware. In a similar manner as the first embodiment and the second 

25 embodiment of the present invention, length data for reference lengths and angle 
data for reference angles to be stored in the data storage section may be obtained by 
calculation operation performed on an on-demand basis. Also, data to be inputted 
in the operation section may be obtained by using a scanner and performing a 
specified process on the data. Also, such data may be obtained by calculation by an 

30 image generation operation unit. The data is coordinate data. It is noted that the 
coordinate data may relate to a two-dimensional plane or a three-dimensional cube. 
Furthermore, the data may include numerical data for colors and identifiers such as 
flags. 

Also, in the image determination system in accordance with the third 
35 embodiment of the present invention, when each of the specified points in the 
reference image is identifiable, and each of the specified points inputted in the 
operation section is identifiable and a triangle is formed only by the specified points, 
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the calculation is performed with respect to the triangle formed by a combination of 
the specified points even when the specified points inputted in the operation section 
are more than three points. 

It is noted that a triangle has three apexes, namely, a first apex through a 
5 third apex. A specified point that defines the first apex, a specified point that 
defines the second apex and a specified point that defines the third apex have 
different properties and different identifications. In other words, the inputted data 
have at least flags that indicate which of the points define which of the apexes of 
the triangle, in addition to coordinates on a plane or coordinates on a cube. 

10 Also, in the image determination system in accordance with the third 

embodiment of the present invention, when object images are successively inputted 
in the operation section, each time specified points are inputted, the calculation and 
determination operations are performed between most recently inputted points and 
specified points that had already been inputted. 

15 As a result, the calculation and determination operations are performed 

without waiting until all of the data are inputted. Also, the calculation and 
determination operations are not performed between data that have already been 
inputted. 

Furthermore, in the image determination system in accordance with the 
20 third embodiment of the present invention, when a shape defined by specified 
points in an object image that is inputted as computer readable data is an 
n-polygonal shape, and a shape defined by specified points in a reference image is 
an n-polygonal shape, the n-polygonal shapes are compared with each other, and a 
determination is made that the inputted object image corresponds to the reference 
25 image when the n-polygonal shapes are congruent with each other. It is noted that 
n is an integer and n > 3. 

For example, in the case of quadrilaterals in which n is four (4), the 
congruence conditions are met, for example, when the length of four edges of one of 
the quadrilaterals and an angle of any one of the corners thereof concur with those 
30 of the other quadrilateral. 

Brief Description of the Drawings 

Fig. 1 schematically shows a block diagram of a structure of a color copy 
machine and a structure of a bank note recognition system in which an image 
determination system in accordance with one embodiment of the present invention 
35 is applied. 
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Fig. 2 shows illustrations to describe the resolution conversion and blocks 
used in a bank note recognition system in accordance with one embodiment of the 
present invention. 

Fig. 3 shows illustrations to describe the calculation of relative positional 
5 relations in an image determination system in accordance with one embodiment of 
the present invention. 

Fig. 4 shows illustrations of different relative positional relations in an image 
determination system in accordance with different embodiment of the present 
invention. 

10 Fig. 5 shows an illustration to describe the conventional technology of 

identifying selected points of a 10,000 yen note. 

Description of the Preferred Embodiments 

An embodiment of the present invention is described in detail below with 
"; reference to the accompanying drawings. In the embodiment of the present 
= 15 invention described below, an image determination system in accordance with the 
= third embodiment of the present invention is applied to a bank note recognition 

system in a color copy machine. 

Construction of Bank Note Recognition System 

First, a construction of a bank note recognition system in which an image 
= 20 determination system in accordance with one embodiment of the present invention 
is applied is described (with reference to Fig. 1). 

Fig. 1 shows a block diagram of a general construction of a color copy 
machine and a construction a bank note recognition system. A bank note 
recognition system 1 includes ASIC (Application Specific Integrated Circuit) 2, 
25 SRAM (Static Random Access Memory) 3, MC (Microcomputer) 4, and DRAM 
(Dynamic Random Access Memory) 5. In addition, a color copy machine includes a 
scanner SC, a host computer HC, and a printer PR. 

An "object image" (hereunder referred to as "image") that is read by the 
scanner SC of the color copy machine is inputted in ASIC 2 as RGB data. ASIC 2 

30 determines whether or not the image read by the color scanner SC is a "reference 
image" that is a bank note (i.e., whether or not a bank note is included in the read 
image), and transmits the resultant data to the host computer HC of the color copy 
machine. The host computer HC prohibits copying when it is determined that the 
read image is the bank note. On the other hand, the host computer HC outputs the 

35 image read by the scanner SC to the color printer PR to perform color copying. It is 
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noted that RGB data is data representative of red color (Red), green color (Green) 
and blue color (Blue) of pixels, and its resolution is 300dpi (dot per inch) or 600dpi. 
Data for each of the colors R, G and B is 8-bit data. It is noted that the resolution 
and the RBG data are not limited to the values described above. 

5 In the present embodiment, X-direction is defined by a width direction of an 

image read by the scanner SC, and Y-direction is defined by a length direction. 

ASIC 2 is formed from devices, such as, ARBITER 6, PIX_FIFO (First In 
First Out) 7, a resolution conversion unit (hereunder referred to as "RSU") 8, 
RSFE_FIFO 9, a feature extraction unit (hereunder referred to as "FEU") 10, 
10 FEPM_FIFO 11, a pattern matching unit (hereunder referred to as "PMU") 12, 
PMMC_FIFO 13, an MC interface (hereunder referred to as "MC_IF") 14, a control 
unit (hereunder referred to as "CU") 15 and ROM (Read Only Memory) 16. 

ARBITER 6 arbitrates accesses between SRAM 3 and RSU 8, FEU 10, 
PMU 12 and MC_IF 14. When RSU 8, FEU 10, PMU 12 or MC_IF 14 
15 simultaneously make accesses to SRAM 3, the accesses are allowed according to a 
predetermined order of priority. 

PrX_FIFO 7 is a FIFO that hands over RGB data from the scanner SC to 
RSU 8. 

RSU 8 performs resolution conversion, gamma (y) conversion and affine 
20 transformation of RGB data provided from the scanner SC, and writes the 
converted data in SRAM 3. The resolution conversion is conducted in a manner 
that the resolution of the RGB data inputted from the scanner SC is changed from 
300dpi or 600dpi to 50dpi to reduce the burden to each process to be conducted 
later. After the resolution conversion, data for each of the colors R, G and B is 
25 preferably 10-bit data. The affine transformation is conducted in a manner that 
RGB conversion and IRG conversion are performed in one linear transformation. 
After the affine transformation, the IRG data is representative of the intensity of 
each pixel, red color and green color. Data for each of the I, R, and G is an 8-bit 
data. 

30 RSFE_FIFO 9 is a FIFO that hands over the IRG data converted by RSU 8 to 

FEU 10 as a command. It is noted that the IRG data is written in SRAM 3, and the 
IRG data is retrieved from SRAM 3 to FEU 10 by addressing. 

FEU 10 extracts a feature-amount for conducting pattern matching based on 
the IRG data that is converted by RSU 8, and stores the extracted data (hereunder 
35 referred to as "FE data") in SRAM 3. The feature extraction is conducted in blocks 
of 40 dots x 40 dots along the length of a line. Moreover, feature extraction is 
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conducted on a line-by-line basis by shifting each block by 5 dots in the X-direction 
such that adjacent blocks in the width direction overlap each other by 35 dots. 
When one line is completed, blocks are shifted by 5 dots in the Y-direction to 
perform feature extraction of the next line. Thus, adjacent blocks in the length 
5 direction overlap each other by 35 dots. 

Illustrations in Fig. 2 are used to describe the resolution conversion and 
blocks. An inputted image with a resolution of 300dpi or 600dpi (shown in an upper 
portion of Fig. 2) is converted by RSU 8 to an image with a lower resolution of 
50dpi, and a feature-amount for each one block consisting of 40 dots x 40 dots is 
10 extracted by FEU 10 (as shown in the lower portion of Fig. 2). 

It is noted that the FE data includes an intensity level value at the 800 th one 
of 1,600 pieces of I (intensity) data in one block (one data, which is referred to as 
"median value"), representative values (20 data x 2) that are obtained by adding 
data at intervals of 2 dots with respect to the I (intensity) data in the X-direction 
- 15 and the Y-direction, and dispersion values (3 data x 2) of data that are obtained 
respectively by adding data for the I (intensity), (R - I) chromatic difference and 
(G - I) chromatic difference, respectively, at intervals of 2 dots in the X-direction 
and the Y-direction. 

FEPM_FIFO 11 transfers the FE data as a command that is extracted from 
20 each of the blocks by FEU 10 to PMU 12 that performs pattern matching. The FE 
data is written in SRAM 3, and the FE data is retrieved into PMU 12 from the 
SRAM 3 by addressing. The data is transferred in bucket units composed of a 
plurality of blocks. 

PMU 12 performs pattern matching between the FE data for each block 
25 extracted by FEU 10 and each bank note data in a bank note database stored in 
SRAM 3. When there is a match, the pattern matched data (hereunder referred to 
as "PM data") is written in SRAM 3. It is noted that, during the pattern matching, 
median values and dispersion values in the FE data are screened by the bank note 
data, and the degree of similarity of each of the FE data that pass the screening is 
30 calculated with representative values of the respective FE data, and comparison 
operations are performed. When the degree of similarity exceeds a specified 
threshold value, a determination is made that the FE data matches the bank note 
data, and MC 4 performs a structure matching operation. The pattern matching is 
performed for each of the blocks in which the feature extraction is conducted, and 
35 matching or mismatching of patterns between an object image and a reference 
image is determined for each of the blocks. 
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PM data includes a bank note ID, a block ID and a rotation ID. The bank 
note ID indicates the type of a bank note that is subject to the detection, and that 
may be selected from major bank notes (for example, one-thousand yen note, five- 
thousand yen note, ten-thousand yen note, and the like). The block ID indicates 
5 which of the blocks of the bank note correspond to the detected PM data. The block 
ID includes 1 through 3 (i.e., BLK1, BLK2 and BLK3). When the detected blocks 
are used to define a triangle, the block ID represent flags that indicate which of the 
apexes of the triangle correspond to the blocks. The rotation ID indicates how much 
the detected block is inclined. The rotation ID includes 1 through 4 that indicate 
10 four quadrants (first quadrant through fourth quadrant), respectively, and includes 
1 through 6 that indicate angles of the block in each of the quadrants, respectively. 
Accordingly, the bank note ID, the block ID and the rotation ID indicate what kind 
of bank note is detected, which ones of the blocks of the bank note are detected, and 
how much the blocks are inclined. 

15 Bank note data stored in SRAM 3 may be prepared for a variety of bank 

notes such as a Japanese ten-thousand yen note, U.S. dollar bills and the like, such 
that pattern matching can be performed for these bank notes. For example, three 
characteristic areas (as shown in Fig. 5) are extracted from a bank note, and a data 
set for each of the areas consisting of 40 dots x 40 dots (in a size of an approximately 

20 2 cm square) is formed. Each of the three data sets includes six (6) data taken at 
intervals of 15° through rotating the data (3 areas x 6 data in total). The six data 
taken at intervals of 15° through rotating the data cover a rage from zero (0) degree 
to 90 degree (that corresponds to the first quadrant). Data sets for the second, third 
and fourth quadrants are formed by converting the six data sets in the first 

25 quadrant into data sets symmetrical about the Y-axis, the original point and the 
X-axis, respectively. 

The rotated data sets are prepared for such occasions in which a bank note in 
an inclined position is read by the scanner SC. 

PMMC_FIFO 13 is a FIFO that transfers the PM data provided by PMU 12 
30 to MC 4 as a command. It is noted that the PM data is written in SRAM 3, and the 
PM data is handed over to MC 4 from SRAM 3 by addressing. 

MC_IF 14 is an interface to be used when MC 4 accesses SRAM 3. 

CU 15 functions as an interface when MC 4 sets each of the units and reads 
conditions thereof, and allows MC 4 to access ROM 16 and perform parallel 
35 communication with the host computer HC. CU 15 receives commands from the 
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host computer HC through a bus. Also, the host computer HC reads a read register 
(not shown) to obtain data and statuses. 

ROM 16 is a ROM for a monitor program. The monitor program is provided 
for communication with the host computer HC and management of minimum 
5 hardware. A program for the bank note recognition system 1 is downloaded from 
the host computer by the function of the monitor program. 

SRAM 3 stores the IRG data of 50dpi provided from RSU 8 in ImageBuffer 
region (not shown), the FE data provided from FEU 10 in PMBuffer region (not 
shown), the PM data provided from PMU 12 in PMBuffer region (not shown) and 
10 the bank note data base required by PMU 12for pattern matching in DataBase 
region. 

MC 1 performs an overall control of the bank note recognition system 1, 
communication with the host computer HC, and structure matching for pattern 
matching results provided by PMU 12. In the structure matching, three of the PM 

15 data that meet specified conditions (block BLK1, BLK2 and BLK3) are selected. A 
distance between the block BLK 1 as being a base point among the three blocks and 
the block BLK1 and a distance between the block BLK 1 and the block BLK3 (the 
lengths of two line segments), and an angle defined therebetween (an included 
angle between the two line segments) are calculated, and compared with 

20 corresponding data in the stored database for structure matching. When the 
lengths of the two line segments and the included angle concur with the stored data, 
a determination is made that the image read from the scanner SC (i.e., the object 
image) corresponds to the bank note (i.e., the reference image) (or is included in the 
bank note.) The calculation and determination of the distance (length) and the 

25 angle in the structure matching are described in detail below. 

DRAM 5 stores a program and the database for structure matching 
downloaded from the host computer HC, and also provides a work area for MC4. 
DRAM 5 also provides a region to form a list of all of the results of pattern matching 
performed by PMU 12. 

30 Construction of Image Determination System 

So far, an outline of a bank note recognition system in accordance with one 
embodiment of the present invention has been described. In connection with the 
bank note determination system 1, an image determination system in accordance 
with one embodiment of the present invention is further described in detail. 
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An image determination system in accordance with one embodiment of the 
present invention includes MC4 and DRAM 5. MC4 acts as an operation section or 
a determination section. DRAM is used as a data storage section. 

PM data (matched data) corresponding to a block in which the degree of 
5 similarity is determined to exceed over a specified threshold value as a result of the 
pattern matching operation by PMU 12 is inputted in MC4 from SRAM 3. The PM 
data to be inputted in MC4 is computer readable data. The PM data includes a 
bank note ID, a block ID and a rotation ID. Also, the PM data includes position 
data. The position data indicates X-direction and Y-direction coordinates of the 
10 block in the inputted image (provided by the scanner SC). In other words, the PM 
data has identification data and positional data. 

Among the inputted PM data, identified blocks in which the bank note IDs 
and the rotation IDs are in agreement are subject to a determination process to 
determine whether or not a triangular set of block ID combinations 1 through 3 

15 exist. When such a combination exists, the relative positional relations Dl, D2 and 
8 among the blocks are calculated as shown in Fig. 3. In other words, a 
determination is made whether or not there exists a triangle composed of three 
matched blocks (PM data), i.e., a block BLK1 as being a first apex, a block BLK2 as 
being a second apex and a block BLK3 as being a third apex. When such a 

20 triangular set of block IDs exists, the relative positional relations Dl, D2 and 0 are 
calculated. When a plurality of such triangular sets exist, the relative positional 
relations Dl, D2 and 0 for each of the triangles are calculated. 

It is noted that Fig. 3 shows a case in which six PM data units are inputted in 
MC4. In other words, six matching blocks were detected in the pattern matching 

25 operation. Three of the blocks, i.e., three of the PM data units, shown in the upper 
left area of Fig. 3 have matching bank note IDs and matching rotation IDs. These 
three blocks also form a triangular set of block IDs, i.e. 1 through 3. In other words, 
the three blocks are blocks BLK 1, BLK2 and BLK3. MC4 therefore calculates the 
relative positional relations Dl, D2 and 0 among three blocks BLK1, BLK2 and 

30 BLK3. However, the calculation is not performed when the bank note ID or the 
rotation ID is not in agreement. Fig. 3 shows a case in which a single triangular set 
of blocks BLK1, BLK2 and BLK3 exists. However, when two blocks BLK3 exist, 
instead of one block BLK3, two triangular sets can be defined. In this case, the 
relative positional relations Dl, D2 and 0 for each of the triangles are calculated. 

35 It is noted that a distance Dl is defined between the block BLK1 and the 

block BLK2, a distance D2 is defined between the block BLK1 and the block BLK3, 
and an included angle 0 is defined between a line segment (edge) defined between 
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block BLK1 and block BLK2 and a line segment defined between block BLK1 and 
block BLK3. The calculation thereof is performed by a simplified calculation to be 
described below. 

MC4 determines whether or not calculated relative positional relations Die, 
5 D2c and Gc are in agreement with relative positional relations Dlr, D2r and 9r 
registered in the database for structure matching stored in DRAM 5. When they 
are in agreement, a determination is made that the object image read by the 
scanner SC corresponds to the reference image that is a bank note. (It is noted that 
an added letter c indicates a calculation value, and an added latter r indicates a 
10 reference value.) The determination is made in this manner because the condition 
of agreement of the relative positional relations Dl, D2 and 9 literally corresponds 
to one of the conditions of congruence for triangles, i.e., "agreement of the lengths of 
two edges and an included angle thereof, and therefore the structure matching can 
be performed without any uncertainty by looking at the agreement of the relative 
; 15 positional relations Dl, D2 and 6. Table 1 below is an example of a structure of a 
: database for structure matching. In this example, the database stores data in a 
form appropriate for the simplified calculation. 

[Table 1] 



Example of Database Structure for Structure Matching 



Bank Note 

ID 


Dlr 


D2r 


e 


1 


5 


2 


60 










N 









20 

It is noted that the structure matching is conducted for blocks in which both 
of the bank note ID and the rotation ID are in agreement because of the following 
reasons. When the rotation ID is in agreement but the bank note ID is not in 
agreement, or when the bank note ID is in agreement but the rotation ID is not in 
25 agreement, there is no possibility that a bank note can be perfectly copied, or that 
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such a copy, if made, could be confused for a proper bank note. Accordingly, the 
structure matching, and its corresponding processing drain, is performed only when 
there is a possibility that a bank note may be perfectly copied, and thereby prevents 
the system from unnecessarily slowing its throughput. 

5 In accordance with the present invention, the relative positional relations Dl, 

D2 and 0 are calculated by a simplified calculation. When positional data for block 
BLK1 is defined by plane coordinates (xi, yi), positional data for block BLK2 is 
defined by plane coordinates (x2, V2), and positional data for block BLK3 are given 
by plane coordinates (X3, y3), as shown in Fig. 3, relative positional relations Die, 
10 D2c and 9c are calculated by the following simplified calculations: 

Die = (x2 - xi) 2 + (y2 - yi) 2 

D2c = (x 3 -xi) 2 + (y 3 -yi) 2 

0c = (x 2 - xi) (X3 - xi) + (y2 - yi) (ya - yi) 

It is noted that the relative positional relations Dlr, D2r and 9r registered in 
15 the database for structure matching (see Table 1) stored in DRAM 5 are stored in a 
data format corresponding to that of the relative positional relations Die, D2c and 
0c obtained by the calculation. 

In this manner, the relative positional relations Dl, D2 and 0 are obtained by 
the simplified calculation, and the database for structure matching is stored in a 

20 format appropriate for the simplified calculation, the structure matching can be 
performed by addition and multiplication without using calculations of square root, 
division and inverse trigonometric function. Accordingly, this prevents the system 
from lowering its processing speed. As a result, an inexpensive microcomputer 
available on the market can be used as MC4 that performs the structure matching. 

25 An expensive microcomputer or a specially designed microcomputer is not required. 

As for the timing of the structure matching, the structure matching can be 
performed after PMU 12 completes the entire pattern matching operation. 
Alternatively, the structure matching can be performed during the pattern 
matching operation each time a matching block is detected (i.e., PM data is 

30 generated). For example, PM data obtained as a result of the pattern matching may 
be stored in DRAM 5 in a list structure. Each time PM data is generated, such data 
is added to the end of the list, and the structure matching may be performed 
between the PM data added to the end of the list and PM data that had been 
present in the list. As a result, the presence of a bank note is detected and copying 

35 thereof can be cancelled at an earlier stage. Also, once an operation is done, the 
same operation does not have to be repeated. 
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Relative positional relations, when a block BLK 1, a block BLK2 and a block 
BLK3 are assumed to form a triangle, may be determined by Dl, D3 and 0, as 
shown in Fig. 4(a). Alternatively, relative positional relations may be determined 
by Dl, D2 and D3, as shown in Fig. 4(b). Furthermore, relative positional relations 
5 may be determined by Dl, 91 and 02, as shown in Fig. 4(c). It is noted that 
Figs. 4(a) to 4(c) show examples, and the present invention is not limited to those 
shown in the figures. 

The length calculation and determination device in accordance with the first 
embodiment of the present invention and the angle calculation and determination 
10 device in accordance with the second embodiment of the present invention are 
included in the means for obtaining relative positional relations Die, D2c and 0c by 
calculation and comparing them with relative positional relations Dlr, D2r and 0r 
stored in a database for structure matching in the structure matching operation 
described above. Accordingly, the description of the respective devices is omitted. 

15 The embodiments of present invention are described above. However, the 

present invention is not limited to the particular means or methods described 
above. Many modifications can be made within the scope of the subject matter of 
the invention as long as they achieve the objects of the present invention and 
provide the effects of the present invention. It is noted that the structure matching 

20 can be performed using congruence conditions for any polygon. 

As described above, in accordance with the first through third embodiments 
of the present invention (i.e., a length calculation and determination device, a angle 
calculation and determination device and a image determination system), 
calculation and determination of the length (distance) of line segments and angles 
25 can be performed by an inexpensive hardware such as a microcomputer that is 
available in the market. Also, by an image determination system in accordance 
with the third embodiment of the present invention, a determination can quickly 
and accurately be made as to whether or not an object image that may be read by a 
scanner, for example, corresponds to a reference image stored in a database. 

30 
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